INTRODUCTION
Proteaceae as three groups dominating the Australian continent, and Liquidambar 121 styraciflua L. which is not native to Australia or similarly low-P soils.
122

METHODS AND THEORIES
123
Theory from the Farquhar et al. (1980) Where Sc/o is here considered ≈ 92 mol mol -1 at 25°C, within the range reported for C3 Sharkey (1985) proposed that
As there is no term dependent on pO2 in Eqn 6, there is no explicit sensitivity to low pO2 metabolism of the photorespiratory product, glycolate, in the chloroplast (αg) (Fig. 1, B) 201 as given by
The parameter αg is multiplied by three to reflect the stoichiometry of Pi consumption in 
251
The sandy soil at this site is extremely low in P, with a total P of 9.5 mg kg -1 soil in the 
CO2-exchange measurements
268
In this study, photosynthetic CO2-response curves (Anet -Ci response curves) were made 269 in situ on ten species of trees and shrubs at five sites in Australia (Table 1) (Table 1) . For tall species, access to the upper parts of the tree The Anet-Cc response curves were started by maintaining the CO2 concentration 294 (Ca) in the gas exchange chamber at ambient CO2 partial pressure (~38-39 Pa in this 295 study) until gas-exchange rates were stable, then recording measurements. Steps for the for further analysis. In the lab, leaf thickness was measured at five points on the leaf 304 lamina using digital callipers (Mitutoyo Corp, Kawasaki, Kanagawa, Japan).
305
In the process of these Anet-Cc response measurements, at four or five of the Ca 306 steps, we ensured that parallel measurements at ambient oxygen (21 kPa) and low-307 photorespiratory oxygen (2 kPa) were made. Low pO2 inside the gas exchange chamber 308 was generated by routing a low-O2 tank gas (Air Liquide Australia Ltd., Melbourne, 309 Australia) to the leaf chamber, supplied at the same slight over-pressure as for ambient 
Calculations of O2 corrections and mesophyll conductance to CO2
321
We used three corrections for changes in pO2 in the carrier-gas in the LI-6400XT 322 photosynthesis system that originated from the change in density due to different gas with the nonlinear solutions generated using the 'optim' package in R. Tp was fit for Anet 347 when Cc > 40 Pa and pO2 of 2 kPa. As a more robust fitting approach with fewer 348 assumptions, we also pooled data for all leaves within a species and simultaneously 349 solved for species-level Vcmax, Jmax and Tp at both pO2 levels using the 'nls' package in R.
350
Across species, the two sets of solutions agreed well with one another, since slopes for 
379
RESULTS
381
The set of species used in this study ranged two-fold in their leaf thickness, and nearly 382 ten-fold in their leaf P content (Table 1) . Anet varied more than two-fold, between 10 and 383 26 µmol m -2 s -1 among the species when measured at Ci between 27-28 Pa. As a 384 stoichiometric index of P versus N limitation, six of the ten species studied had N:P 385 ratios > 20, while E. fastigata and L. styraciflua, both from moderately-fertile conditions, 386 had N:P of 10-13 (see Supporting Information, Table S1 ).
387
Biochemical modelling from Anet -Cc response curves at both 21 and 2 kPa pO2 388 using the classic FvCB model would suggest a slightly higher Anet asymptote at high Cc 389 and low pO2 (i.e. similar Amax at ambient and low pO2) due to the lower Γ * as per Eqn 5 390 above (Fig. 2) . Thus, a stimulation of Anet by low pO2 was expected both in the to the Anet -Cc response in 2 kPa pO2 compared with 21 kPa pO2 (Fig. 3A,B) , or a 400 dramatic reverse response for the Amax in 2 versus 21 kPa pO2 (Fig. 3C,D (Fig. 3) . For our study species, the difference in Amax between 406 normal and low pO2 was between 2 and 14 µmol m -2 s -1 (average of 5.8 µmol m -2 s -1 ), 407 with low pO2 values consistently lower. This was significantly different from zero for all 408 species, even for B. attenuata (P=0.017 in a one-tailed t-test) and P. levis (P = 0.01), both of which had rather small mean differences in asymptotic Anet between normal and low 410 pO2 of about 2 µmol m -2 s -1 (Fig. 3A,B Sharkey (1985) that has been recommended to standardise model fitting.
416
Estimates of Vcmax from independent gas-exchange measurements at either pO2 417 level were similar (Fig. 4A) . However, we could not recover the same Amax in different 418 pO2 levels using the traditional two-parameter FvCB photosynthesis model (Fig. 4B) .
419
The Amax estimated in low pO2 was lower than expected based on Amax in normal pO2 to recover the Amax that we had measured in low pO2 (Fig. 4D) . Taken together, all 429 species showed a reduced Amax at low pO2, with the largest reductions occurring in 430 species with the highest Amax. These reductions were recovered once the Tp parameter 431 (Eqn 7) was employed in the model fits. species. There were no significant relationships between any of these traits and Ma.
457
Vomax was not significantly correlated with Narea, and was only marginally significantly 458 correlated with Parea (P = 0.052; Table 2 and Fig. 6b) . Vomax fit to data at both 459 measurement pO2 levels was significantly correlated with Vcmax fit to measurements at 460 both pO2 (P = 0.0052; not shown) with a slope of 0.17 and a significant y-intercept. suppression of photorespiration by low pO2 at the current atmospheric Ca (Fig. 2) , we 466 have shown that Anet at high Ci and low pO2 is reduced, rather than higher as would be at moderate summertime temperatures (Fig. 4) (Fig. 1, B (Fig. 4) . While limitations to photosynthesis by triose-P utilisation are limitation rather than triose-P limitation, since triose-P is not necessarily integral to the 515 proposed mechanism (see Fig. 1, B) . Nevertheless, we have retained the terminology of 
Internal recycling of Pi in cells is important for the balanced production of ATP
519
and regeneration of RuBP as essential requirements for high CO2-assimilation rates.
520
While a source for Pi for photophosphorylation to regenerate RuBP as depicted in Fig. 1 521 (see B in Fig. 1 ) could be a valuable mechanism for sustaining Anet at high Ci in plants in 522 conditions with limiting soil P, our measurements do not suggest this occurs at the 523 extremely low P levels characterising both the Lesueur National Park and Davies Park 524 sites. Among the ten woody species we measured including some on infertile sites with 525 low soil P-availabilities, plants with low leaf P concentrations (total leaf P < 400 µg g -1 , 526 for instance) also had slow rates of photorespiration and an apparent high fractional 527 return of photorespiratory glycerate to the chloroplast, resulting in a relatively small 528 inhibition of Amax in low pO2 and high Ci (Fig. 3a,b) . However, our findings are consistent such as these may obviate the need for P contributed from the lack of photorespiratory 585 glycerate re-entry mechanism in P-impoverished ecosystems.
586
Amongst the species we measured, L. styraciflua, E. saligna and E. fastigata enhancing RuBP regeneration and increasing Amax, while also freeing Pi for P-rich 612 ribosomes to generate proteins in the stroma (Fig. 1) . How much glycine or serine is 613 directed away from the photorespiratory pathway and chloroplast re-entry and rather 614 used for protein biosynthesis is unclear. However, the release of N from 615 photorespiration may be as large as from nitrate reduction (Wingler et al. 2000) , and 616 hence the release of ATP for RuBP regeneration may also be large (Fig. 3B,D) . There is 617 supporting evidence as one of the slow-growing species in our study, Banksia attenuata, 618 with low photorespiration (Fig. 3C) was recently demonstrated to have low rRNA Table 1 . Description of species and sites included in the study along with number of individuals measured (N), the mean height that measurements were taken at, and the mean leaf thickness, leaf dry mass-to-area ratio, and total leaf P concentration per unit leaf area (Pa). Data are means ± s.e. The species name abbreviation is used to denote the different species in the figures. fastigata, panels a-d, respectively) at both normal (21 kPa, filled light blue symbols) and low pO2 (2 kPa, open red symbols), with ensemble response curve fits for each species and pO2 level. Data are for three to four leaves from different trees on which measurements at both pO2 values had been made (see Table 1 Table 1 ). Tp, panel d) and leaf P concentration for the ten species studied (abbreviation in Table   1 ). Each point represents the mean of individuals of a species (see Table 1 ), fit ensemble. Vcmax and Vomax species means across different individuals are reported in Supporting Information, Table S1 . Dashed lines are shown where the relationships are significant. The data point for Acacia obtusifolia is obscured by that of Banksia serrata in panel C, as they had very similar Jmax values. Equations for these relationships are shown in Table 2 . Table S1 . Summary of species means for Vcmax, fit using both pO2 levels up to a Cc threshold of 18 Pa, Vomax as a measure of photorespiratory capacity, also fit from data from both pO2 up to a Cc threshold of 18 Pa, and leaf N and P concentrations and N to P ratios for the ten species in this study. Data are means ± s.e. Leaf N (mg N g -1 )
P (mmol m
-
Supporting Information
Leaf P (mg P g -1 )
N:P Figure S1 . Time series of measurements of Anet before, during and after a pulse of low pO2 was delivered to the leaf chamber for two Eucalyptus species (a, b). At the flow rate used, 65 sec was the time constant for mixing. Data shown are examples from (a)
Eucalyptus todtiana measured at Lesueur National Park in Western Australia, and (b) E.
tereticornis measures at EucFACE in NSW, Australia, for measurements at a Ca of 40 Pa.
The final measurement in low pO2 before switching O2 back to normal pO2 was considered at equibilibrium and was used in the calculations. 
